In the Supplementary material, we present some numerical results with the pulse profiles different from half-trapezoidal one as Eqs. (1).
Effect of pulse envelope
In the simulation, it is observed that the energy of electrons in concern is so small that it is sensitive to the shape of pulse envelope. The momentum distribution and energy distribution are plotted in Fig. S1 (a) and (b) when the pulse is switched off in a cos-squared style instead of linear style, i.e., the pulse profile f (t) is used 1 as equation (s1) instead of equation (1) in the paper,
, else
In that case, the momentum distribution near the origin is in sharp contrast with that in Fig.1 (b) . The only different parameter is the style turning off the pulse.
In order to address the difference, we calculate the motion of the electron released
While in both cases the final velocity v(t f ) = 0, the final position is quite different as demonstrated in Fig. S1 (g). The electron stays around − ε 0 ω 2 after the pulse in equation (s1), but x(t f ) = − 2ε 0 ω 2 after half-trapezoidal pulse in equation (1) . The Coulomb effect is neglected here. With the Coulomb potential taken back into account, the difference in final position implies that the electric field with halftrapezoidal envelope drags some electrons far away from the ion and could transfer energy to them during the pulse switching-off. The effect can be confirmed by the energy distribution in Fig.S1 (b). The onset of the Rydberg electron is around − ω 2 ε 0 after the cos-squared style pulse, but for the half-trapezoidal one it is obviously shifted to higher energy. 2 It is interesting that the so-called "displacement effect" of laser pulse shape has already been reported very recently by I. A. Ivanov et al. 1 Second, since in realistic few-femtosecond laser pulse, only the cycle near the peak contributes to the majority of the ionization events, we use a hybrid bell- 4 shape envelope as that:
The motivation with which we use the hybrid bell-shape envelope has been discussed above, i.e., the generation of low-lying photoelectrons is benefit from the position shift of electron during the switching-off of pulse. As a consequence, the profile in Eqs. (s2) is a hybrid of cos-squared and linear. The temporal profile of electric field is plotted in Fig. S1 (h) , and the evolution of a free electron released at t = 0 in that pulse is illustrated in Fig. S1 (g) The final momentum map plotted in Fig. S1 (e) evidently demonstrates that some electrons accumulate near p ⊥ = 0.02 similarly as those presented in Fig. 1, but with a more realistic and symmetric pulse profile and all the electrons taken into account. Though this accumulation structure is so slender compared with Fig.   5 1 (b) that the corresponding accumulation feature is not obvious in the energy distribution in Fig. S1 (f) , it is still demonstrated that the Rydberg state distribution shifts to higher energy compared with the red curve in Fig. S1 (b) . The numerical results with the two kinds of symmetric envelope confirm the relation between the Rydberg state electrons and the meV photoelectrons.
As a conclusion, the implementation of the semi-classical method which we used in the work is standard and has been proven by successfully explaining various strong-field ionization processes. Not only the half-trapezoidal pulse envelope but also the first-cycle release of the tunneling electron have been applied to study many topics about the ionization in strong field 2 , especially the related low-energy structure 3, 4 . Furthermore, because of the exponential dependence of the ionization rate on the electric field, the majority of ionization events are estimated to be promoted by the cycle around the peak, especially in the short-pulse laser experiment.
In order to grasp this feature, and at the same time for the simplicity, we only con- 
